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STRUCTURAL CONSIDEBATIONS FOR AN EXPANDABLE 

LFSpII1CULA.R SATELLITE 

By Jerry L. Humble* 

NASA Langley Research Center 

ABSTRACT 

The l en t i cu la r  sa te l l i t e  consis ts  of  several types of expandable and 
in f l a t ab le  s t ruc tu ra l  components combined into one configurational system 
which canbe  packaged i n t o  a very s m a l l  volume and erected i n  o rb i t .  The 
types of expandable s t ructures  being u t i l i zed  include: 

/ , - 

1. Inf l a t ab le  membranes 
2. Rigidized membranes 
3. Unfurling members 
4. Extendable members 

The paper opens with an exploration of t he  l en t i cu la r  sa te l l i te  basic  
philosophy, depicting the weight advantage of  the  l en t i cu la r  shape over a 
sphere with similar communications capabi l i t i es .  

The paper then proceeds with a discussion of the  various s t ruc tu ra l  com- 
ponents. S t a r t i ng  with the  bas ic  len t icu lar  shape, a functional configura- 
t i o n a l  system i s  log ica l ly  developed with t h e  addition of the major s t ruc tu ra l  
components and an explanation of t h e i r  functions. The lens,  as a microwave 
re f lec tor ,  i s  of primary i n t e r e s t  and a l l  other components are intended t o  
implement i t s  usefulness. It i s  an inf la tab le  s t r a i n  r igidized membrane. The 
torus  i s  used only t o  maintain the  len t icu lar  shape during the pressurization- 
r ig id i za t ion  cycle. A r i m  maintains the lens shape during normal s a t e l l i t e  
operation and doubles as a lens-torus interface.  Long, i n f l a t ab le  booms a re  
used t o  acquire the  s a t e l l i t e  i n e r t i a  d i s t r ibu t ion  necessary f o r  a gravity- 
gradient s t ab i l i za t ion  system and additional i n e r t i a l  bodies a re  required t o  
obtain a satel l i te  yaw orientat ion.  
completes t he  configuration. 

~ 

- The addition of a gravity-gradient damper 

A del ineat ion on the  s t ruc tu ra l  components functions, ant ic ipated loads, 
load t ransfer ,  and design c r i t e r i a  i s  included. Materials select ion c r i t e r i a  
are a l s o  discussed. 

The packaging, deployment, in f la t ion ,  and def la t ion  of t he  satel l i te  are 
discussed. 

\ 
* Aerospace Engineer (F l igh t  Systems), F l igh t  Vehicles and Systems 

Division, Langley Research Center, Langley Station, Hampton, Virginia. 



. STRUCTURAL CONSIDERATIONS FOR AN EPANDBLE 

IXHTICULAR SATELLITE 

By Jerry L. Humble 

NASA Langley Research Center 

INTRODUCTION 

Communications 2__^- systems --- i n  general, as with p rac t i ca l ly  anything of poten- 
t i a l  commercial value, must ul t imately be evaluated from an economic stand- 
point. I n  a space oriented communications system, the  s a t e l l i t e s  themselves, 
a s  the  o r b i t a l  subsystems, must likewise be economically evaluated. Several 
f ac to r s  en ter  i n t o  t h i s  evaluation. Passive communications s a t e l l i t e s  inher- 
en t ly  have a long ef fec t ive  l i f e  and t h e i r  bandwidth capabi l i ty  a l l o w s  a great 
many communications channels per s a t e l l i t e .  But as ide from the  advantages 
inherent t o  one type s a t e l l i t e  or the  other, two bas ic  parameters always 
appear. The s a t e l l i t e  subsystem's weight a f fec ts  the  launch cost  and the  sig- 
n a l  re turn  which the  s a t e l l i t e  i s  capable of r e f l ec t ing  o r  re t ransmit t ing 
a f fec ts  t h e  ground s t a t ion  cost .  Thus, t he  e f f o r t s  i n  passive communications 
s a t e l l i t e s  are oriented toward achieving a be t t e r  microwave re turn  s igna l  fo r  
a minimum of s a t e l l i t e  weight. 

The NASA Langley Research Center has made a continuing e f f o r t  i n  the  area 
of passive communications s a t e l l i t e s  and i n  very lightweight emandable s t ruc-  
tures i n  general. The gravity-gradient s tab i l ized  l e n t i c u l a r  passrve communi- 
cat ions s a t e l l i t e  with an o r b i t a l  posi t ion control capabi l i ty  i s  the  l a t e s t  of 
the devices t o  be considered i n  t h i s  e f for t .*  
directed s tudies  dealing with the  len t icu lar  sa te l l i te  have been preliminary 
i n  nature t o  t h i s  point, with very l i t t l e  emphasis on optimization but they 
c l ea r ly  ind ica te  the  f e a s i b i l i t y  of t h e  concept. It has been shown t h a t  t he  
l en t i cu la r  concept can produce a satel l i te  with communications capab i l i t i e s  
superior t o  t h e  passive spheres f o r  a given s a t e l l i t e  weight. 

Langley Research Center 
~ -- 

. 

PART I 

LENTICULAR CONCEPTUAL PHlLOSOPHY 

T O  ind ica te  the  bas ic  l en t i cu la r  conceptual philosophy, f i rs t  consider 

%is paper i s  based on work performed by the  NASA Langley Research 
a spher ica l  passive communications s a t e l l i t e  i n  Earth o rb i t  ( f i g .  1). 

Center and by t h e  Goodyear Aerospace Corportation, Akron, Ohio, and the  
Westin&ouse E l e c t r i c  Corporation, Aerospace Division, Baltimore, Maryland, 
under cont rac ts  d i rec ted  by the Langley Research Center. 

One 
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Figure 1.- Basic l e n t i c u l a r  concept. 

might note t h a t  the  only pa r t  of the  spherical  surface which i s  necessary f o r  
communications between two ground s t a t ions  i s  t h a t  segment defined by an 
angle from s t a t ion  t o  s ta t ion ,  through the  center of t h e  sphere. 
included angle i s  then, a t  a maximum, s l i g h t l y  more than t h a t  from horizon 
t o  horizon. Any point on the  spherical  surface outside t h a t  segment can con- 
t r i bu te  very l i t t l e  t o  a microwave re turn  s ignal .  
t i a l l y  the same communications capabi l i ty  and r e a l i z e  a great  deal  o f  savings 
i n  s a t e l l i t e  weight (and consequently launch cost)  i f  only t h i s  spherical  
segment were placed i n  o rb i t .  
r a t i o  of t he  s a t e l l i t e  could increase tremendously." For example, a t  a 
2000 n.mi. o r b i t a l  a l t i tude ,  t he  nominal horizon-to-horizon included angle 
i s  84O, and approximately 87 percent of a spherical  s a t e l l i t e  weight i s  
a t t r ibu ted  t o  surface axeas unnecessary f o r  communications. 
t o  t h i s  t r a i n  of thought i s ,  of course, t h a t  t he  spherical  segment m u s t  be 
Earth oriented t o  achieve t h i s  savings. 

)CNo great  dea l  of elaboration on microwave theory w i l l  be made f o r  pUr- 
poses of t h i s  paper except t o  say that the  radar  r e f l ec t ion  cross Section may 
be considered t o  be a measure of t he  communications capabi l i ty  of t he  s a t e l -  
l i t e .  
sections.  The value of t h i s  cross sect ion i s  e s s e n t i a l l y  rcp2 f o r  a 
ref lect ing spherical  surface, where p i s  the  radius  of curvature. 

This 

One could maintain essen- 

The radar  r e f l ec t ion  cross-section-to-weight 

The r e s t r i c t i o n  

The microwave re turn  s igna l  i s  stronger with higher r e f l ec t ion  cross 
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A very a t t r a c t i v e  orientation/stabilization technique, a l s o  passive, i s  
that' of grav i ty  gradient. A more thorough delineation of gravity-gradient 
methods and theory w i l l  be dea l t  with later, but f o r  now l e t  it suf f ice  t o  
say t h a t  gravity-gradient techniques supply a l o c a l  v e r t i c a l  or ientat ion and 
a means of close tolerance s t ab i l i za t ion  around that reference. More simply, 
the  spherical  segment's axis of revolution always points  toward the  Ear th ' s  
center. 

I n  order t o  e f fec t ive ly  u t i l i z e  s a t e l l i t e s  i n  a communications system, 
it i s  des i rab le  t o  provide some means of accurately posit ioning the  satel l i tes  
i n  an o r b i t  r e l a t i v e  t o  each other o r  t o  some point  on the  Earth 's  surface. 
The f e a s i b i l i t y  of so la r  s a i l i n g  a len t icu lar  sa te l l i te  has been established 
i n  s tudies  under the  d i rec t ion  of the  Langley Research Center. Briefly,  t h i s  
technique involves, i n  pr inc ip le  a t  l e a s t ,  providing a sail  surface on the  
s a t e l l i t e ,  oriented along the  l o c a l  v e r t i c a l  and perpendicular t o  the  o r b i t a l  
plane. One might note then ( f ig .  2), t h a t  as t h e  s a t e l l i t e  moves around i n  
i t s  orb i t ,  opposite s ides  of the  sai l  face the sun a t  any two points  i n  the  
o rb i t  180° apar t .  
t o  t he  two s ides  of the sail, one could a t t a i n  d i f f e ren t  forces,  a combina- 
t i o n  of d i r e c t  solas and re rad ia t ion  forces,  a t  two points  180' apart  i n  t he  
o r b i t  ( f i g .  2).  

By applying coatings w i t h  d i f f e ren t  thermal charac te r i s t ics  

/ 
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Figure 2.- Orbi ta l  Solar sa i l ing .  

The ne t  e f f e c t  of these forces  i s  t h a t  the  satel l i te ' s  o r b i t a l  rate w i l l  
e i t h e r  increase or  decrease, depending on what thermal charac te r i s t ics  a re  
provided and which s ide of t h e  sai l  i s  oriented down the  satel l i te ' s  tangen- 
t i a l  ve loc i ty  vector. Thus, the  s a t e l l i t e s  have the  capabi l i ty  of varying 
t h e  separation angle between them ( f ig .  3). 
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CONFIGURATION 

3 . -  Orbital  pos i t ion  control.  

PART I1 

L DENELOPMEKC - MAT.EBIALS AND LOADS 

One might now proceed with the  configurational development of a gravity- 
gradient s t ab i l i zed  l en t i cu la r  passive communications satell i te.  

The spherical  segment itself i s  of primary i n t e r e s t  as the microwave 
re f lec tor  and i t s  shape i s  of utmost importance. 
s t a t e  of the a r t ,  f o r  t he  deployment of a good microwave r e f l ec t ing  spherical  
surface requires s t ra in ing  the  surface material, e i t h e r  t o  form t h e  spherical  
shape o r  t o  remove wrinkles l e f t  f rom package fo lds .  
r ig id iza t ion  technique of membrane deployment i s  compatible with t h i s  require- 
ment, and has received intensive research. For t h i s  in f la t ion / r ig id iza t ion  
procedure, a diaphragm or  another spherical  segment must be attached t o  the  
re f lec tor  segment around i t s  periphery t o  form a gas enclosure ( f ig .  4 ) .  
In f la t ion  gas pressures then s t r e t ch  the membraneous mater ia l  beyond i t s  
y i e ld  point t o  form the  spherical  segment surface. 
must be added t o  prevent the  reflector/diaphragm combination, o r  lens,  from 
attempting t o  assume a complete sphere under i n f l a t i o n  pressures.  The edge 
r e s t r a i n t  can be supplied by an inflatable torus  ( f i g .  4). 

Any technique, within the  

The in f l a t ion  and s t r a in -  

Some peripheral  r e s t r a i n t  

Assuming two iden t i ca l  spherical  segments f o r  t h e  lens,  one might note 
t h a t  the loads placed on t h e  torus  are dependent on two fac to r s  ( f ig .  51, 
the  lens  included angle and t h e  lens  material y i e ld  strength.  The in-plane 
components a re  the  only loads considered i n  t h e  to rus  design as the  Out-Of- 
@ane components cancel each other.  The included angle i s  a COmInuniCatiOnS 
system consideration and i s  not a var iab le  f o r  s t r u c t u r a l  design purposes. 
Thus the  lens mater ia l  must have a very low t e n s i l e  y i e l d  s t rength f o r  mini- 
mization of t o r u s  loads. The lens  material on t h e  other  hand, must be capable 
of withstanding so lar  pressure ( i .e. ,  13.6 x 10-10 p s i  f o r  specular r e f l ec t ion )  
without buckling. The need f o r  a l ens  material with a low y ie ld  s t rength and 
some value of skin section area moment of i n e r t i a ,  f o r  a given radius Of cur- 
vature, i s  established. 
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Figure 4.- Lens/torus. 
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Figure 5.- Torus loads. 

Several possibilities for a lens material do exist which provide a low 
area to area moment of inertia ratio cross section desirable for this applica- 
tion. 
milled metallic sheet, simulate the rings and stringers of more conventional 
semi-monocoque structures, in principle at least. The lens' function as a 
microwave reflector is only nominally impaired by the use of the grid mate- 
rials, and preliminary studies have indicated their potential in this 
application. 

The grid materials (fig. 6), such as the wire mesh and chemically 
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Chemically milled 
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Figure 6.- Representative grid materials. 

The gas barrier to be utilized on a metallic grid material is largely 
determined by orbital position control and gravity-gradient stabilization 
considerations. If the lens is not to be used as the solar-sail, one might 
choose a "photolyzable" film as the gas barrier. The gas barrier film is not 
needed in this case after inflation, its mass distribution is actually detri- 
mental to the gravity-gradient stabilization system, as will be discussed 
later, and it provides a greater surface area ex-posed to solar pressure. 
Solar pressure acting on the lens surface could produce a torque large enough 
to appreciably affect the gravity-gradient stabilization system, and it could 
contribute to an orbital eccentricity which also decreases the effectiveness 
of the stabilization system. Studies have indicated that low-strength photo- 
lyzable films, suitable for use as a gas barrier, can be made available. 

"Photolyzable" film "evaporates" when simultaneously exposed to ultra- 
violet radiation and an increased film temperature. 
be increased to the desirable level passively by using various dyes to pro- 
vide the proper film thermal characteristics. 
radiation are, of course, very easily acquired in an orbital environment. 

The film temperature may 

Heat inputs and ultraviolet 

If the lens is to be used as the solar sail, one can choose one of the 
many very thin plastic films, vacuum deposited and coated to the proper ther- 
mal characteristics, as the gas barrier for the grid materials. A continuous 
surface is desirable in this case to provide more sail area. 

"Solid" laminate materials (fig. 7) have also been produced which are 
very lightweight. In principle, these materials simulate conventional mono- 
coque structures. The use of these materials for the lens is limited to the 
case where the lens is utilized as the solar sail. 
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Figure 7. - "Solid" laminate material .  

The importance of an optimized lens  material  can hardly be overemphasized. 
The loads placed on the  torus  and the  weight of t he  lens  a r e  minimized by 
proper lens  mater ia l  select ion.  
percentage of t he  t o t a l  s a t e l l i t e  weight. 
r ead i ly  defined, however, as some uncertainty e x i s t s  concerning the  t r u e  buck- 
l i n g  pressure such a very la rge  radius of curvature t o  skin thickness r a t i o  
spherical  s t ruc ture  can withstand. Ground t e s t s  a r e  generally inconclusive 
due t o  the  appreciable e f f e c t s  of a one "g" environment on the  very l i g h t -  
weight mater ia l .  Consequently, l ens  mater ia l  designs generally tend t o  be 
conservative. 

The lens  and to rus  cons t i tu te  a very la rge  
An optimum lens  material i s  not 

The torus ,  as  previously mentioned, i s  intended t o  maintain an accurate 
lens  cons t ra in t  during in f l a t ion ,  and the  loads placed on it f o r  a given 
included angle, a r e  d i r e c t l y  proportional t o  the  t e n s i l e  y i e ld  s t rength of t h e  
lens  mater ia l .  After  completion of the  in f l a t ion  process, the torus  serves no 
fu r the r  purpose and i n  f a c t  makes the  job of acquiring the  mass d i s t r ibu t ion  

would prefer  t h a t  the  to rus  simply evaporate a f t e r  completion of t he  i n f l a t i o n  
cycle. A high-strength photolyzable f i l m  could do j u s t  t ha t .  However, i n  
t h e i r  present s t a t e  of development, these fi lms a r e  far too b r i t t l e  t o  allow 
packaging. If t h e  high-strength films a r e  not fu r the r  developed, the major 
mater ia l s  requirement f o r  the  to rus  would be t h a t  it be light-weight, high 
strength,  and, t o  avoid communications interference,  microwave t ransparent .  
The design c r i t e r i a  for t h e  torus  can be shown t o  be wrinkling, which requi res  
only t h a t  t he  to rus  skin remain i n  tension a t  a l l  times during lens  in f l a t ion ,  
and s t rength t o  withstand i n f l a t i o n  pressures. 
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To apply a gravity-gradient s t ab i l i za t ion  technique t o  the  l ens  o r  lens-  
t o rus  combination, one must c lose ly  examine a few bas ic  physical  phenomena. 

F i r s t ,  acce le ra t ion  placed on the  s a t e l l i t e  due t o  gravi ty  must be con- 

On the other  hand, o r b i t a l  cen t r i fuga l  
s idered v e c t o r i a l l y  i n  a three-dimensional geocentric coordinate system, i n  
spher ica l  coordinates if  one chooses. 
acce le ra t ions  placed on t h e  s a t e l l i t e  may be considered, vec tor ia l ly ,  i n  a 



two-dimensional coordinate system with the or igin a t  any appropriate point  . 
along an axis through the  Ea r th ' s  center and perpendicular t o  the  o r b i t a l  
plane, or i n  cy l indr ica l  coordinates ( f ig s .  8 and 10). The point  of t h i s  
rudimentary d i s se r t a t ion  i s  t h a t  the  difference i n  d i rec t ion  cosines of t he  
gravi ty  and cent r i fuga l  r e l a t e d  accelerat ion vectors, ac t ing  on some incre-  
mental mass par- t ic le  away from the  s a t e l l i t e  mass centroid, i s  one contrib- 
ut ing fac tor  t o  the  gravity-gradient s t ab i l i za t ion  torques. Further, one must 

Earth ' 
Figure 8. - Yaw accelerat ions.  

Orbital 
path 

Earth b@ 

Figure 9.- P i tch  accelerat ions.  Figure 10.- R o l l  accelerat ions.  



realize that only the mass centroid of any satellite is truly at zero "g" 
(i. e., net centrifugal acceleration equals net gravity acceleration) . 
gravitational attraction term is essentially compatible with the well-known 
inverse square law of Newtonian origin and the centrifugal accelerations ide- 
ally vary directly as the geocentric orbital altitude. The gravity accelera- 
tion is greater than the centrifugal acceleration acting on a mass particle 
closer to the Earth than the satellite mass centroid. The opposite is true of 
a mass particle further from the Earth than the mass centroid (figs. 9 and 10). 
Gravity-gradient stabilization techniques require that the satellite mass be 
distributed in such a manner as to effectively utilize these small differen- 
tial accelerations (fig. 11). 
sensing the local vertical and the orbital plane, and a restoring torque 

two references. 

The 

The result is that the satellite is capable of 

+ exists any time there is an angular displacement of the satellite from these 
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Figure ll. - Gravity-gradient restoring moments. 



For the particular application of the lenticular satellite, the mass. 
distribution is achieved basically by attaching the canister halves, in which 
the satellite is packaged for launch, the inflation system and controls to the 
lens by long boom arrangements. 
effects on gravity-gradient stabilization of the torus and lens gas barrier 
mass distribution (fig. 11). It is desirable to keep the yaw inertia as small 
as possible so that the pitch and roll inertias may remain small, thus 
requiring shorter booms. A lighter damping device may also be utilized as the 
energy which it must dissipate, being proportional to the absolute mass moment 
of inertia of the satellite, is kept to a minimum. 

One can now clearly see the detrimental 
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To gain some insight into the loads placed on the satellite by this 
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mass/boom arrangement, one might observe a simple 
pitch pointing error (fig. 12). 

Yaw 

f 
Yaw 

two-dimensional. case of a 

Roll 

\ d + Geocenter 

Figure 12. - Rimboom loads. 

Consider only the gravity-gradient resultant forces placed on the can- 
ister halves and the components of these forces in a satellite oriented coor- 
dinate system. 
booms and consequently a load around and in the plane of the lens periphery. 
The roll axis components apply a compressive load to one boom and a tensile 
load to the other. The r o l l  axis loads which rotate the satellite in pitch 
are resisted by the inertial mass of the lens. The combination of these 
resultant loads placed on the lens and its periphery would certainly distort 
it, reducing its effectiveness as a microwave reflector, if some additional 
structural member were not provided to absorb them. A relatively rigid rim 
with a collapsible cross section around the lens periphery could absorb the 
loads; it could also serve as a "solid" attachment point for the booms and as 

The components along the yaw axis apply a tensile force to the 
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Lens inflation pressure, 3.16 X 
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Torus inflation pressure, 1.678 X 10-1 psi 
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Figure 13.- General features ,  baseline configuration. 



a convenient interface between the torus and lens. The major design cons3der- 
ation for the rim is to keep its deflections small, thus avoiding lens distor- 
tion. The booms themselves are designed to a conservative compressive load 
and are not allowed to have large transverse deflections due to solar 
pressures. 

However, unless some means of energy dissipation is provided, the per- 
turbed satellite would continue to oscillate indefinitely, much like a fric- 
tionless pendulum. Therefore, some damping system must be added. Several 
damping systems, primarily passive, can be utilized in this application. 

Figure 13 shows the general dimensions and features of the completed con- 
figuration. 
mile orbital altitude with an 840 included angle. 

This particular configuration is designed for a 2000-nautical- 

A wire mesh grid, although not necessarily optimum, was chosen in the 
preliminary studies as being reasonably representative of probable lens mate- 
rials characteristics. Copper wire was a compromise selection based on the 
many characteristics desirable in this application, including small thermal 
expansions, low yield strength, the ability to be woven in very small diam- 
eters, and preferably nonmagnetic. 

PART I11 

PACKAGING AND DEPLOYMENT 

Very little has been said to this point concerning the packaging and 
deployment of the lenticular satellite. This area is, in fact, one of the 
primary design considerations. Structural members such as the rim do not have 
a specific shape purely by chance. 
an inflatable satellite are however, at best, a qualitative affair. The pack- 
aging procedure is illustrated in figure 14. 
collapsible cross section with two hinges nearly 1800 apart. 
the hinges are used to fold the rim and torus back on themselves. The rim 
and torus are then rolled up, leaving the lens in a cone shape. Accordion 
folding the lens completes the packaging procedure. 

Packaging and deployment analyses of such 

Note that the rim is of a 
For packaging, 

1 After the package is placed inside the canister, the canister is evacu- 
ated. 
and package internal pressures can be maintained. Air trapped inside the 
package folds is a contributing factor to what are called residual gases. 
Since such very low pressures are required for inflation, residual gases have 
previously contributed to deployment and inflation problems with very light 
inflatables. One might intuitively expect a residual gas problem with this 
packaging technique since it leaves an open space inside the package, but this 
does not seem to be the case. A programed number of holes in the satellite 
skin and a perforated "basket" inside the canister assist in the canister and 
package evacuation. 

This is done so that very close control and monitoring of the canister 

Packaging efficiency (i. e., actual volume of expandable material as com- 
pared to the internal volume of the canister), for the lenticular satellite is 
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proba;bly low with the  packaging procedure shown i n  f igure  14. 
be after the  de ta i led  s a t e l l i t e  design i s  not known, bu t  t h e  s tudies  t o  t h i s  
point indicate  t h a t  compatibil i ty of the  canis ter  with avai lable  launch vehi- 
c les  i s  no serious problem. 

How low it will 

f L e n L o r u s  

Rim 

% 
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Figure 14.-  Packaging sequence. 



Deployment i s  accomplished by i n f l a t i n g  the  torus  ( f i g .  15). The outside 
t o r u s  section i s  f i r s t  inf la ted ,  and the  remaining torus  in f l a t ion  i s  con-' 
t r o l l e d  by diaphragms with o r i f i c e s  b u i l t  i n t o  the  torus.  Thus the deployment 
r a t e  and direct ion a r e  controlled.  The r i m  cross section expands t o  i t s  r i g i d  
condition a f t e r  to rus  in f l a t ion .  Only a f t e r  the to rus  i s  f u l l y  deployed and 

f 

Figure 15.- Deployment sequence. 
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inf1a:ed does the  lens  pressurization/rigidization process begin. All i n f l a -  
t i o n  i s  done through the  booms. 
the  i n f l a t i o n  gas, helium, through the  materials and through a programed num- 
ber of holes i n  the  satel l i te  skin. 

Deflation i s  accomplished by permeation of 

A se r i e s  of deployment tests have been conducted a t  Langley Research 
Center using 20-foot-diameter lens  models. 
can is te rs  and evacuated, and were then successfully deployed i n  a 60-foot 
vacuum sphere. 

The models were packaged i n  the  

PART IV 
- 

LENTICULAR POTENTIAL 

The major e f f o r t  on t h e  l en t i cu la r  s a t e l l i t e  has been, t o  t h i s  point, 
concerned with the  s a t e l l i t e  design f o r  a 2000 n.mi. o r b i t a l  a l t i tude ,  
horizon-to-horizon included angle and a 403-foot sphere equivalent lens.  An 
e f f o r t  i s  now under way t o  expand on t h i s  presently avai lable  data  t o  deter-  
mine t h e  e f f e c t s  of var ia t ions  i n  these three bas ic  parameters on the  satel- 
l i t e ' s  performance and physical charac te r i s t ics .  It should be i t e r a t e d  here 
a l s o  t h a t  very l i t t l e  e f f o r t  has been directed toward optimization of a len- 
t i c u l a r  s a t e l l i t e ,  and i t s  po ten t i a l  should not be overlooked. Preliminary 
s tudies  ind ica te  t h a t  the  w e i g h t  of t h e  2000 n.mi. configuration shown i n  
figure 15 may be reduced by more than 50 percent, s t i l l  without damaging i t s  
communications capabi l i t i es .  
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